Abstract. The purpose of this study was to evaluate the use of different formulations, including solution, gel, liposome and niosome for in vitro skin permeation and antioxidant activity of Centella asiatica (CA) extract. The liposomes and niosomes loaded with CA were characterized to observe the physicochemical properties i.e., particle size, zeta potential, percentage of entrapment efficiency (%EE) and percentage of loading efficiency (%LE). In vitro skin permeation studies revealed that liposome formulations had a superior enhancing effect on skin permeation compared to niosome, gel and solution formulation. Upon applied niosome formulations for the delivery of CA extract at 24 hours (h), the antioxidant activity was higher than liposome, gel and solution formulation, as evidenced by the increased in percent inhibition using 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. However, there was no significant difference in antioxidant activity between niosome and liposome formulations. Accordingly, both the liposome and noisome formulations are promising approaches for transdermal delivery of CA extract for promoting successful antioxidant activity.
Introduction
Centella asiatica (CA) is a tropical medicinal plant from the Apiaceae family native to Southeast Asian countries. It is commonly known as "bua-bok" in Thailand. It has been widely used as a traditional herbal medicine due to biological activities from asiaticoside as a major constituent of CA, including being an antioxidant [1] , anti-aging, antipsoriatic [2] and anti-inflammatory [3] . CA is the chief herb for treating hair loss and promoting hair re-growth, which strengthens the hair blood vessels and expands hair follicles due to the entry of more nutrients and oxygen. In addition, antioxidant agents can interrupt radical chain processes, protect against oxidative damage and help to repair hair systems [4] .
It is challenging to deliver molecules into the skin because of the foremost barrier from the stratum corneum of skin [5] . Therefore, improved delivery strategies are necessary to solve this issue. Lipid-based nanocarriers are attractive formulations for topical and transdermal drug delivery. Among the lipid-based nanocarriers systems, liposomes have been widely investigated as potentially efficacious lipid nanocarriers. Liposomes are small, sphere-shaped vesicles. They can be created from cholesterol and natural nontoxic phospholipids resulting in being consisted of amphipathic phospholipids arranged in one or more phospholipid bilayer(s). Hydrophilic drugs can be entrapped within the inner aqueous core and hydrophobic drugs can be intercalated in the lipid bilayers. Due to the small size vesicle, hydrophobic and hydrophilic character, liposomes have the ability to interact with lipids in skin and decreased systemic absorption [6] .
Niosomes are also widely used as lipid-based nanocarriers for drug delivery. Although liposomes can encapsulate various types of drugs and are advantageous, their formulation is expensive and there is a limited shelf life. Niosomes have the functional and physicochemical properties similar to a liposome vesicle. However, niosomes differ from liposomes in their chemical structure resulting in greater stability than liposomes [7] . Niosomes are created from cholesterol and non-ionic surfactants resulting in bilayer structures being formed. They are composed of amphiphilic molecules surrounded by an aqueous compartment that contain both hydrophobic and hydrophilic groups [8] . Niosome nanocarriers have been used as potential transdermal drug delivery systems due to enhanced drug permeation and localized depots for sustained drug release [9] .
In this study, CA extract was selected as our model compound because it is a hydrophilic compound with many biological activities, especially, antioxidant activity and promotion of hair growth. Physicochemical characterizations were investigated to compare the different lipid nanocarriers. Moreover, the effect of different formulations, i.e., CA solution, CA gel, CA liposome and CA niosome on skin permeation and antioxidant activity were investigated. 
Preparation of CA extract
Fresh leaves of CA were dried at 50°C, powdered and sifted. Powder was refluxed with 36% ethanol at 60°C for 1 h. The extract was then filtered, mixed with 80% propylene glycol and stored at 4°C [10] . To control the concentration of extract, high-performance liquid chromatography (HPLC) was used to control the initial concentration of CA extract (4 %w/v).
Preparation of formulations

CA gel preparation
The gel formulation was prepared by dispersing 4% of Carbopol ® 940 polymer into the deionized water. Then, 4% w/v of CA extract was added and mixed until homogeneous. Triethanolamine was then added with gentle sweeping agitation. 
CA liposome preparation
CA niosome preparation
Characterization of nanocarrier formulations
Particle size and zeta potential analysis
The particle size and surface charge of the nanocarrier formulations were determined at 25°C by photon correlation spectroscopy using a Zetasizer Nano ZS (Malvern Instrument, Worcestershire, U.K.).
Percentage of entrapment efficiency (%EE) and loading efficiency (%LE)
Each lipid nanocarrier formulation (0.5 mL) was placed in a Microcon YM-3 ultrafiltration (Minipore, Billerica, U.S.A.) and centrifuged at 10000 ×g at 4°C for 60 min. The filtrate was discarded, and 0.25 mL of PBS was then added to the retentate before further centrifugation at 4°C at 10000 ×g for 40 min [11] . The collected CAloaded nanocarriers in the retentate were then disrupted with 0.1%w/v TritonX-100 and centrifuged at 4°C at 10000×g for 10 min. The CA contents of the supernatants were determined using HPLC. The drug %EE and %LE were calculated with equations 1 and 2:
where C is the concentration of CA extract in the formulation, and Ci is the initial concentration of CA extract. Table 1 , a flow rate of 1 ml/min and detection at 206 nm. 
In vitro
Antioxidant activity
The DPPH assay method was used in this study. This method was based on the reduction of DPPH, a stable free radical. The free radical DPPH with an odd electron gives a maximum absorption at 517 nm (purple color). 
Data analysis
All data were statistically analyzed by one-way analysis of variance (ANOVA). In all cases, a value p < 0.05 was considered statistically significant.
Results and Discussions
The physiochemical characterization of lipid formulations
Particle size and zeta potential
The physiochemical characteristics of the different lipid formulations are shown in Table 2 . The lipid nanocarrier formulations showed the nanoscale range of particle size with a negative charge. The average particle size of the liposome formulation was smaller than the niosome formulation. Moreover, the liposome formulation showed a narrow size distribution (polydispersity index; PDI<0.3), while the niosome formulation has large variability in the particle size. An increase in the particle size of niosomes might be due to the interaction of drug with surfactant head groups of niosomes resulting in increasing the charge and repulsion force of the surfactant bilayers [12] .
%Entrapment efficiency and %loading efficiency
As shown in table 2, the %EE of the liposome formulation was higher than that of the niosome formulation, suggesting that the niosome structure was more rigid and decreased drug entrapment. The drug entrapment efficiency of niosomes was lower than liposomes. An increase in cholesterol content of the niosome formulation resulted in a decrease in the fluidity of the niosome bilayers but an increase in the drug loading efficiency. Moreover, the thickness of the niosome membrane structure and solubility of the drug in water affected the drug loading efficiency [13] . In case of the liposome formulation, the drug loading efficiency depends on drug-lipid interactions, the solubility of the drug in the liposome membrane and the ability of liposomes to encapsulate aqueous drugs during vesicle formation [6, 14] [15] . Moreover, the liposome formulation forms a barrier around their drugs, which is resistant to oxidation and degradation [6] . Compared with the liposome formulation, the skin permeation of the niosome formulation was significantly lower. The particle size of the liposome formulation was smaller and the %EE of the liposome formulation was higher than the niosome formulation. In addition, CF loaded into the liposomes with higher %EE could present higher skin permeation than those with lower %EE [16] . Therefore, it could be assumed that the particle size and %EE substantially affect the transdermal drug delivery of lipid-based nanocarriers. 
Antioxidant activity
The niosome formulation had a superior antioxidant activity after 24 h of being topically applied compared to the liposome, solution and gel formulation, respectively (Fig.2) . Antioxidant levels were found to increase significantly in both the liposome and niosome formulations after 24 h of being topically applied. Although the niosome formulation slightly improved antioxidant activity in comparison with liposome formulation, there was no significant difference between percentage inhibitions at 24 h. It can be concluded that both the liposomes and niosomes are very suitable formulations for transdermal delivery of CA extract. 
Conclusion
The purpose of this study was to evaluate the different lipid formulations with CA extract on skin permeation and antioxidant activity. The particle size of lipid-based nanocarrier formulations was in the nanoscale range. Both liposomes and niosomes revealed a high cumulative amount at 24 h and antioxidant activity of CA extract. The ability of liposomes and niosomes to enhance drug delivery and promoting antioxidant activity promotes the two lipid-based nanocarriers to be useful for topical formulations for CA extract.
